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ABSTRACT NASA Lewis test stand to determine thermal, vibra-
tion, stress and efficiency information for a

The NASA Lewis Research Center and the US. Army matrix of operating conditions, Reference (2).
Aviation Systems Command share an interest in This information Is being used to compare with
advancing the technology for helicopter propul- computer code predictions for code validation and
Iion systems, In particular, this paper presents to provide a baseline from which to assess the
highlights from that portion of the program In promised advantages of future designs and con-
Orive train technology and the related mechanical capts. Information of a similar nature and pur-
omponents, The major goals of the program are pose was collected for the OH-58 transmission,

to increase the life, reliability, and maintain- References (3) and (4), The NASA Lewis test
ability; reduce the weight, noise, and vibration, stands are currently operational and available
and maintain the relatively high mechanical effi- for use in experimental transmission work,
ciency of the gear train. The current activity
emphasizes noise reduction technology and analyti- The NASA/Army program has produced some very use-
cal code development followed by experimental ful computer programs for designing and analyzing
verification, Selected stignIficant advances in rollina element bearings, References (5) to (8),
technology for transmissions are reviewed, Includ- Generally, the computer program can predict per-
ing advanced configurations and new analytical formance characteristics includin Hertz stress,
tools. Finally, the plan for transmilsion\ load distribution, lubrication film thickness,
research In the future Is pr6sentod, L F) component kinematics, fatigue life, heat genera-

INTRD'CTION,-l tIon, operating temperature, and power loss as a
INTRODUCTION" function of input parameters such as bearing geom-

etiy, speed, and load, The programs permit bet.
Since 1970 NASA Lewis and the U,S. Army Aviation ter designs and eliminate much trial and error
Systems Command have shared an interest in advanc- testing prior to selection of a final design,
Ing the technology for helicopter propulsion sys-
tems. The major goals of the program are to Anal ses andlor computer codes have also been
increase the life, reliability, and maintainabil- developed for gears to provide the following
ity, reduce the weight, noise, and vibration, and types of calcuiations: (a) power loss and effi.
maintain the relatively high mechanical efficiency ciency, (b) bevel gear contact geometry,
of the gear train, Figure (1), Reference (1). (c) gear dynamic analysis, (d) weight minimiza-
Highlights from the current research activity are tion, (e) life prediction, (f) lubrication, and
presented next. (g) temperatures,

ANANLY5$ IAn in-house and university grant effort continues
to develop computer programs for analysis and

The current activity emphasizes analytical code design of transmission systems. 'the unique facil-
development and validation with emphasis on noise ities and hardware at NASA Lewis are being used
reduction technology for drive systems, Figure (2), to validate the compLiter codes and collect addi-
There is a gear' technology effort which supports tional data for use in developing the codes. A
advances In life, nigher power density, and lubri- library of computer codes and subroutines for
cation for gears, transmnliion system analysis is being assembled.

The goal Is to develop a comprehensive computer
Based on the experimental, analytical, and design program library for transmission system modeling,
studies conducted under the transmission technol- Figure (3).
ogy program, some advanced transmission concepts
were evolved, including the advanced 500 hp trans-
mission, the bearingless planetary transmission Gear and Transmission Life
and the split-torque transmission.

Pitting fatigue is a natural wear out mode of gear
An extensive data base has been established for failure and occurs even under ideal operating con-
two sizes of helicopter transmissions, The Army's dltions with proper lubrication and stress levels.
UH-60 Blackhawk transmission has been run in the For each hour of operation there is a reliability
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level which can be calculated. Early work at NASA well to tne airframe, and the Sound transmits to
ad an anal tical methodology for calculating the cabin directly. The major portion of our

ifs and reliability for gears assuming a quasi- present program in transmissions is devoted to
static load on the gear teeth, Reference (9), It finding solutions to this problem.
was desired, therefore, to improve on this method-
ology by replacing the assumed quasi-static load Spiral bevel gears are used in helicopters to
with a calculated dynamic load in the life and transmit power 'around the corner" from a horizon-
relIability model. tal engine output shaft to the vertical rotor

shaft, Vibration from spiral bevel gears is a
TELSOC, a NASA gear dynamic load prediction pro- strong source of transmission noise, Figure (6),
gram, Reference (10), was modified, a pitting- Reference (13).
fatigue-life prediction analysis was added and
parametric studies wore performed. The study The goal of a recent study was to relate gear
identified contact ratio and operating speed as noise to physical factors such as deviations of
the two most influential parameters among those tooth surfaces and gear shaft centerlines from
studied, Reference (11), As a result, gear life their ideal positions; tooth and gear body stiff-
can be increased through the improved analytical ness; bearing and housing support flexibility
life prediction method. and input shaft torque. Equations have been deve-

loped for computing the vibration and noise of the
Drive system life and reliability are important gear drive system The work completed: (a) pro-
issues during the design, development and field vides the first detailed mathematical understand-
opera�ion of helicopters, Analytical tools are ing of generalized transmission error in spiral
needcrl for design and for comparing competing and bevel gears, (b) allows prediction of vibration
alternate designs. excitation based on gear tooth measurements, and

cc relates gear noise to physical design pareme-
To meet this need, a versatile computer program ten and therefore provides a basIs for future
was developed to predict helicopter transmission improvements in spiral bevel gear design,
life, Figure (U, Reference (12). The program can Reference (14).
analyze a variety of configurations composed of
spiral bevel gears and planetary gears. The pro- ADVANCED TRANSMISSIONS
gram determines the forces on each bearing and
gear for a given transmission configuration and Advancements in transmissions can come from either
applied load, The life of each bearing and gear improved components and improved designs of the
is determined. Program out ut includes component transmissIon system, fIgure (7), The split torque
and total system lives and road capacity for a arrangement is in the second category. Figure (7a)
given mission profile. The program predicts mean shows a split torque design which is compatible
time between failures (MTBf) and can be used to with the Biackhawk (UH�6OA) helicopter. The fun-
evaluate proposed new desi q ns and to project spare damental concept of the split torque design is
parts requirements for helicopter fleet opetatlons, that the power from the engine is divided Into two

parallel paths prior to recombination on a singleGear Noise gear that drives the output shaft. Studies have
shown that replacement of the planetary gearI4istoricaiiy, helicopters have been plagued by reduction stage with a split torque results in

internal noise problems. Noise levels range from weight savings and increased reliability, Refer-
100-120 dBa in the cabin, The sound can be from once (15). There can be many pinions driving the
many sources, such as the transmission gear noise, output gear, but In the case of the UH-60A appli-
the turbine engine compressor And exhaust noise, cation it was found that four pinions gave the
the rotor blades, and air turbulence. The trans- optimum design on the basis of least overall
mission is a particularly troublesome source and weight, reduced power losses, comparable total
is believed to be the main source of annoying parts count compared to the existing UH-60 design,
noise in the helicopter cabin, The noise from the and le&st number (one) of nonredundant gears.
transmission enters the cabin following two paths, The advantage of split torque over planetary is
structure borne radiation and direct radiation, greatest for the larger sized helicopters.
figure (5), The magnitude of the dIrect radiation
is a function of the acoustic power radiated from The engineering analysis showed that the following
the transmission case, transmitted acoustically to perfoi�xance benefits can be achieved for a 3600 hp
the cabin Outer walls, and transferred through to split torque transmissIon compared to the conven-
the cabin, Of course if there are any small open- tional transmission with a planetary gear stage:
ings in the wall between the transmission compart- (a) weight is reduced 15 percent, (b) drive train
ment and the cabin the sound will directly enter power losses are reduced by 9 percent, (c) relia-
the cabin. The structure borne path is particu- bility is Improved and vulnerability is reduced
Ian y hard to block because the transmission case because of redundant power paths, and (d) the
and its mounts are an integral part of the lift- number of noise generation points (gear meshesi
load bearing path. The transmission mounts must Is reduced.
be strong and rigid: strong enough to support the
entire helicopter by transferring the lift-load The transmission has potential for installation
from the rotor blades to the air frame; and rig .d In the Blackhcwk helicopter. The design study
enough for stable control of the heiicopter� The ha� carried the transmission to the detail design
stiff mounts pass the gear vibrations exceedingly stage for a test model to be used for validation
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Studies in the NASA Lewis 3000 hp helicopter effective when one uses reduction ratios between
transmission facility, but A test model has not 16:1 and 26:1. It permit% high reduction In two
been built, For the tranmission to be used In compound stages of high efficiency, providing suf-
the Blackhawk, a Separate detail design and ficient fle xibility and sef-centering to give
installation study would first be required. good load distribution between planet pinions,

while effectively isolating the planetary elements
The design emphasis for the NASA/Bell Helicopter from housing dofiections.
Tetron (BHT), 500 hp advanced technology demon-
itrator tranmission, Figure (7b), was placed on This new transmission concept offers advantages
designing a 500 hp version of the OH-58C, 317 hp, over transmissions that use conventional planetary
transmission that would have a long, quiettlife, gears: higher reduction ratio, lighter weight,
with a minimum Increase in the cost, weight, and I increIaseod reIliability, and decreased vulnerability.
space that usually increases along with power Since it has no planet bearings, thereI is a weight
increases, This was accomplished by implementing savings and power losses and bearing failures comn-
advanced technology that has been developed dur- monly associated with conventional-design transmis-
ing the last decade and making improvements dic- sion are nonexistent.
tated by field experience, Reference (16).
These advanced technology components, concepts, In conventional-deign transmissions, planet bear-
and improvomenttý and their effect on the 500 hp ings are heavily loaded and are the weak link
transmission are: when the lubricant Is interrupted. The SABP

transmission has decreased vulnerability because
(1) High contict i..r ti planetary gear toeth of increased operating time after loss of

reduce th mitlvladIncreaso life, lubricant since there are no planet bearings.
(2) Impoyovd joiral blyll loarl made of vacuum

carburlied gear stools, shot peened for increased One SABP transmission, Figure 00c, with a
gear tooth pitting fatigue life, as well is gear 17,44:1 ratio is currentl being tested in the
tooth bending fatigue strength, and lubricated 500 hp transmisi on facili ty at NASA Lewis, and
with Aerosht 11 555 oil sa ve weight and space and another variant, Fl aure 07d), with a ratio of
increase transmission life. 101:1 is being fabrcicted for testing,

(3) jIfl.r.Qvd nfl~r made of cleaner steels,
and designef with improved analytical tools to FTR LN
save weiht and space and increase reliability.

(4) Improved design of the aiLLMIn carie. r Rotorcraft for the 19901% and beyond require an
made of two pice construction wi-h-straddle extremely itght, long-lived and quiet drive sys-
mounting of the planet gears for improved gear tems, The IASA/Army research, along with the hel-
alignment and power capacity. icoilter b uilders' careful designs, has provided

(5) The catlvrmutdoaoa iaoa reliable and Strong drive systems for civilian
has no working splinteto generate e~ir do r 1-F- and Army helicopters. Thi paper hat reviewed
isolates the meshing teeth from the housing to Significant research In drive systems and their
reduce moltIe; and It provides a flexible mount components.
for a more uniform load distribution among the
planets. the critical issues are: (a) to achieve signifi-

(6) The sun gear now has an Imrvdtin cant advances in power-to-weight ratio, Wb to
(crowmn obbed and hardeneId) runnin Sumerged In increase reliability, and (c) to reduce the trans-
a bath of flow through oil which prevents the mission noise. New concepts to achieve these
spline from wearing, goals have been investigated, The advanced 500 hp

(7) The stra. j-moute oviu .gfir allows transmission has explored an Increased power-to-
higher torqu'e to be transmitted without detrimen- weight ratio using advanced design techniques,
t&l shifting of the tooth contact pattern, component Improvements, and advanced materials,

The value of this kind of research activity was
In sumi:ary, the improved 500 hp design has a realized during the upgrading of the Army's OH-58
weight/hp ratio of 0.26 lb/hp compared to 0.37 helicopter to the D model, when the research on
lb/hp for the 317 hp OH-5SC transmission. This the advanced 500 hp transmission laid the ground
transmission Is the basils for the transmission In work for the transmission In the 0 model. The
the Army's improved OH-58D model helicopter, bearingloss planetary transmlission with helical
* gears offers advantages In reliability and reduced

One recent development in the area of high noise. The split torque concept offers signifi.
r.'formance power tranimlissions is the Self- cant weight savings for large size helicopters,
aligning, bearingless planetary cSABP), Refer-
once (17), Figures 0c) and (7d). This tranimis- Our plan for future NASA/Army Transmission
sion arrangement can beI generically classified as Research calls for increased emphasis on noise
a quasi-compound planeta&r y which utilizes a sun reduction, an aggressive development of computer
gear, planet spindle assemblies, ring gears, and aided design codes for transmissions, and the
rolling rings. design and construction of demonstrator transmis-

sions in large and small size categories,
The design study project I a weight savings of 17 Figure (8).
to 30 percent and a reliability improvement fac- Aval."..11ILtY Codes
tor of 2:1 over the standard transmission. The JAvii J -

benefits of using a SABP transmission are most doIi



ADVANCED ROTORCRAFT TRANSMISSION (ART) PROJECT will be a validated transmission Incorporating
proven advanced technology materials and compo-

The Advanced Rotorcraft Transmission (ART) Tech- nents, readily adaptable to next generation rotor-
nology Integration Oemonstration is an Arms/NASA craft systems. Completion of the ART second phase
program incorporating key emerging materia and is expected in 1994,
component technologies and new design concepts
for advanced rotorcraft transmissions. The
intent is to make a quantum jump in the state- REFERENCES
of-the-art, The program provides for the destign,
construction and testing of two different-sized 1. Coy, J.3J, Townsend, D.P,; and Coe, H,H,:
transmissions, One size range will be applicable Results of NASA/Army Transmission Research.
to a 10 000 lb to 20 000 10 gross weight future NASA/Army RotorcrAft Technology, Vol. 2 -
attack rotorcraft, The other size is for a Materials and Structures, Propulsion and
60 000 lb to SS 000 lb advanced cargo aircraft, Drive Systems, Flight Dynamics and Control,

and Acoustics, NASA CP-2495-VOL-2, USAAVSCOM
There are three objectives to the program: (a) TR-87-C-3, 1987, pp. 169-801,
transmission weight Is to be reduced by
25 percent compared to design and comoonent 2. Mitchell, AX,; Oswald, FB.; and Coo, H,H.:
capabillties represented by currently fielded Testing of UH-60A Helicopter Transmission in
transmission state-of-the-art; (b) transmission NASA Lewis 2240-kM (3000 hp) Facility. NASA
noisi generation Is to be reduced by 10 dB com- TP-2626, 1986.
pared to state-of-the-art Capabilities; and
(c) mean time between removal Is to be at least 3. Coy, J.3.; MitChell, A.M,; and liamrock,
5000 hr, These are recognized is being ambi- B.',: Transmission Efficiency Measurements
tious but realistic objectives, end address and Correlations with Physiall Characteristics
attributes of rotorcraft transmissions that sig- of the Lubricant. NASA TM-B3740, AVSCOM
nificantly Impact aircraft performance. TR-84.C-11, 1984,

ART provides the rotorcraft industry, for the 4. Lewicki, DG., and Coy, 3,J,: Vibration
first time, an opportunity to advance the technol- Characteristics of the OH-58A Helicopter Main
ogy baseline of transmissions via a path similar Rotor Transmission. NASA TP-2705, USAAVSCOM
to that traditionally followed in engine develop- TR-86-C-42, 1987,
mient, namely through technology demonstrator
programs, S, Hadden, GB,, et al.: User's Manual for

Computer Program AT8iYOO3 SHABERTH,
ART consists of two phases, The first phase, just (SKF-ATl10040, SKF Technology Services; NASA
recently initiated, Is the "PrelimirQ Design and Contract NAS3-22690) NASA C -165365, 1981,
Component Development" phase, arid Involves four
industry participants, In the early part of this 6. Dyba, ,J,; and Kleckner, R,3,: High Speed
phats a conceptual baseline transmission repre- Cylindrical Roller Bearing Analysis, SKF

Wenting currently fielded state-of-the-art will be Computer Program CYBEAN, Vol, 2, User's
defined, This will provide the basis for comparing Manual. (SKF-AT810049, SKF Technology
different advanced design concepts and for assess- Servicest NASA Contract NAS3-22690) NASA
ing the impact of various component technologies CR-165364, 1981,
with respect to achieving the ART objectives, A
final selection of the ART transmission configura- 7, Kleckner, R,J,; Dyba, G.J,; and Ragen, MA,:
tion along with a list of key technologies requir- SKF ComputeIv Program SPHERBEAN, Vol. 2-User's
Ing substantiation or additional development then Manual. (AT81DO07, SKF Technology Services;
follows. The key technology Issue% are addressed NASA Contract NAS3-22807). NASA CR-157859,
through execution of a supporting test plan, and 1982.
the results Integrated into the preliminary
design. It is expected that the first phase of 8. Hidden, G,B,, it, al.; User's Manual for SKF
the ART program will be completed by 1992. A sum- Computer Program ATBIYOOS, PLANETSYS.
mary of the component technologies that will be (SKF-AT8iD044, SKI Technology Services; NASA
addressed In the ART program is In Table I. Note Contract NAS3-22Gg0) NASA CR-165366, 1981.
that the specific ART objectives areas (weight,
noise, and mean time between removal) by each com- 9, Coy., J33; Townsend, D.P,; and Zaretsky,
ponent technology are indicated, The expected EV.: Analysis of Dynamic Capacity of
long range impacts and follow-on% to the ART phase LOw-Contat-Ratio Spur Gears using
one contributions are summarized in Table I1. LundbP~-Paimgien Theory, NASA TN D-8029,

1975.

The second phase of the ART program scheduled, 10. Wang, K,L,: and Ching, H.S,: Thermal
for initiation prior to full completion of the Elastohydrodynamic Lubrication of Spur
first phise, is "Detailed Design, Fabrication, Gears. NASA CR.3241, 1980,
and Demonstration" of the transmission conceived
in the first phase, It is anticipated that two
participants will be involved in the second phase.
The immediate result of the second phase effort
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11. Lowicki, D.G.; Predicted Effect of Dynamic 15. White, G.: The 3600 hp Split-Torque
Load on Pitting Fatigue Life for Low-Contact- Helicopter Transmission, NASA CR-174932,
Ratio Spur Gears. NASA TP-2610, AVSCOM 1985.
TR-86-C-21 , 1986. 16. Braddock, C.E.: and Battles, R.A.. Design of

12, Savage, M.; and Brikmanis, C,K.: System Life An Advanced 500 hp Helicopter Transmission,
asno Reliabiity Modeling for Helicopter Advanced Power Tranimission Technology, GK
Trans missions, NASA CR-3967, 1985. Fischer, ed., NASA C11-2210, AVRADCON

TR-82-C-15, 1983, pp. 123-139.
13. Coy, 3.3., vt al,: Identification and

Proposed Control of Helicopter Transmission 17, Folenta, 0.3.: Design Study of Self-Aligning
Noise at the Source, NASA/Army Rotorcraft SearIngiess Planetary (SABP). CTTC-80.01R,
Technolog:1, Vol. 2 - Materials and Structures, Tranmissliton Technology Co.,, NASA Contract
P ropulsion &nd Drive Systems, Flight Dynamici NAS3-21604) NASA CR-i 59808, 1980.
and Control, and Ac ousitics, NASA CP-2495-
VOL-2, USAAVSCOM TR-87-C-2, 1987,
pp, 1045-1065.

14, Mark, M.D.: Analysis of the Vibratory
Excitation Arising from Spiral Bevel Gears.
NASA CR-4081, 1987.

Table 1, Technical Content of Art Program

MaJor WT Noite mien
Technology Emphasis

CofplipsItel
Housing x
Integral high-speed coupilin shaft x

Clutches x x
Bearings

Spherical/tapered! x x
Nonmetallic (i.e. rollers, cage) x x
Shaft Integral x
Improved analysiv x x

Mati./processing/MFG x x x
Gears

Herringbone/buttress x x x
Conformal 1 x x
Soft torque device x x x
High contact ratio spur and bevel x xx
Zero kinematic error spiral bevel x x x

Noise attenuation/cancellation x x
Shaft seals x
Lubricants/cooling x x

Mini lube sxst
Grease iubr cant x

Diagnostics x
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REQUIREMENT GOAL BENEFITI
LIGHTER DRIVE TRAIN SPECIFIC WEIGHT INCREASED RANGE AND
STRONGER 0.3 TO 0.5 Ibflip PAYLOAD

(CURRENTLY 0.4 T0 0.8 Ib00l)
MORE REUAILE 5000.hr MEAN TIME BETWEEN OVERHAULS LOWER OPERATING COST

(MTNG) AND SAFER OPERATION
(CURRENTLY 500 TO 1000 hfo)

QUIETER 70 TO N0 dl IN CABIN GREATER USE FOR COMMER-
(CURRENTLY 100 TO 110 de) CIAL COMMUTER SERVICE

INCREASED PASSENGER AND
PILOT COMFORT

FIGURE 1. - IRANSMIbSION TECHNOLOGY REQUIRED FOR 1990s.

ANALYTICAL CODES NOISE REDUCTION
AND OPTIMIZATION TECHNOLOGY

ADVANCED CONFIGURATIONS

c U U
VALIDATION EXPERIMENTS

FIGURE 2.- CURRENT RESEARCH ACTIVITY IN TRANSMISSIONS.
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SIGN IFICANCE: ••SIGNFICACE:TRANSMISSION LIFE
* VERSATILE COMPUTER PROGRAM FOR T S

PREDICTING TRANSMISSION LIFE TRANSMISSION
AND RELIABILITY SYSTEM -

o TOOL FOR EVALUATING PRELIMINARY
AND COMPETING DESIGNS PROBABILITYOF

o PROVIDES INFORMATION THAT CAN BE FAILURE
USED TO PLAN SPARE PARTS REOUIR!D

HELICOPTER TRANSMISSION

PLANETARY STAGE .j LIFE
SPIRAL BEVEL STAGE -_

FEATURES:
a INPUTS: TRANSMISSION CONFIGURATION,

LOAD, AND SPEED
s OUTPUTS: TRANSMISSION COMPONENTS

AND SYSTEM LIVES
CO-67-9I701

FIGURE 4, - HELICOPTER TRANSMISSION LIFE AND RELIABILITY COMPUTER PROGRAM,

r EXCITATION(OFAR
TRANSMISSION NOISE PATHS M$BHING)

TRANSMISSION T STRUCTURE-BORNE
STRUCTURAL PATH RADIATION

DIRECT
RADIATING RADIATION

SUFAE, AIRBORNE
AIPATH s* ACOUSTIC-INDUCED

8TRUCTURE.BORNE

FIGURE 5. TRANSMISSION NOISE REDUCTION TECHNOLOGY FOR ROTORCRAFT,
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sy G MILESTONES COMPLETED: O* MATHEMATICAL MODEL OF ZONE OF •

VISATION TOOTH CONTACT FOR SPIRAL BEVEL
GEARS

e NEW UNDERSTANDING OF THREE-DIMENSIONAL
NATURE OF TOOTH MESHING

e TIME AND FREQUENCY DOMAIN ANALYSI8
FAIUENCY FOR NOISE EXCITATION FUNCTIONE * NASA CR 4081

SIGNIFICANCE:

i ALLOWS PREDICTION OF VIBRATION
FROM GEAR MEASUREMENTS

* PROVIDES BASIS FO9 FUTURE
IMPROVEMENTS IN SPIRAL BEVEL
GEAR DESIGN

SPIRAL BEVEL GEARS
CO-17-98724

FIGURE 6, - SPIRAL BEVEL GEAR NOISE MODELING.
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ANALYSIS
AND LIGHTWEIGHT

VALIDATION LOW NOISE

DESIGN LONG LIFE
V O&PTIM-IZATION

NEW GEAR GEOMETRY
NOISE REDUCTION ACOUSTIC TREATMENTS

TECHNOLOGY• NOISE ISOLATORS

21st CENTURY
TRANSMISSIONS

FOR ADVANCED
CARGO AIRCRAFT (ACA)

U.S. ARMY ADVANCED ROTORCRAFT AND FUTURE ATTACK
TRANSMISSION DEMONSTRATOR PROGRAM ROTORORAFT (FAR)

FIGURE 8 - FUTURE THRUST,

13



NM=A40,.=. Report Documentation Page
1 Report No. NASA TM ;100867 2 Gove.rnment Accession No. I Recipients Catalog No.

AVSCOM TR-88-C-002
4. Title and Subtitle 5 Report Date

Advanced Transmission Studies
1. Performing Organlsation Code

505-63-51
[L162209AH7?6

7. Author(s) a. Performing Organization Report No.
John J. Coy and Robert C. Bill B-4089

.10 Work Unit No.
G. Performing Organization Name and Address

NASA Lewis Research Center
Cleveland, Ohio 44135-3127 11. contract or Grant No.
and
Propulsion Directorate
U.S. Aimy Aviation Research and Technology Activity-AVSCOM __,_

Cleveland, Ohio 44135-3127 13. Type of Report and Period Covered

1I, IiponsorIng Agency Name and Address Technical Memorandum

National Aeronautics and Space Administration _l_

Washington, D,C. 20546-0001 14, Sponsoring Agency Code
and
U,S. Army Aviation Systems Command
St, Louis, Mo. 63120-1798

05, Supplementary Notes

Prepared for the 44th Annual Forum of tho American Helicopter Society, Washington, D.C., June 16-18, 1988,
John 1, Coy, NASA Lewis Research Center; Robert C. Bill, Propulsion Directorate, U.S, Army Aviation
Research and Technology Activity-AVSCOM,

I1. Abstract

The NASA Lewis Research Center and the U.S. Army Aviation Systems Command share an interest in advancing
the technology for helicopter propulsion systems, In particular, this paper presents highlights from that portion of
the program in drive train technology and the related mechanical components. The major goals of the program
are to increase the life, reliability, and maintainability; reduce the weight, noise, and vibration; and maintain the
relatively high mechanical efficiency of the gear train. The current activity emphasizes noise reduction technology
and analytical code development followed by experimental verification. Selected significant advances in
technology for transmissions are reviewed, including advanced configurations and new analytical tools, Finally,
the plan for transmission research in the future is presented,

17, Key Words (Suggested by Author(s)) 18. Distribution Statement

Helicopter transmissions Unclassified - Unlimited
Gears Subject Category 37
Vibrations
Mechanical design

19, Security CIaaslf. (of this report) 20. Security Clasulf. (of this page) 21. No of pages 22, Price*

Unclassified Unclassified I4 A02
NASA FORM 141116 007 H 'For sals by the National Technical Information Service. Springfield, VIrginia 22161


